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segment is difficult to^^radi 



te prime. 



At the present time, hemodialysis or plasrnapher- 5 
esis blood chambers, so called air-trap blood chambers 
or "drip chambers*' are typically made from two injection 
molded parts, comprising a round top cap which is sol- 
vent bonded to cylindrical chamber. Flow typically pro- 
ceeds from a blood tube access port in the top cap out io 
through an exit port at the bottom of the chamber. This 
structure has the following problems: 

1. The two part assembly of top cap to cylindrical 
chamber is expensive and prone to leak, and the is 
residual solvent adhesive is potentially toxic to the 
blood. 

2. These top caps and chambers are generally 
round in cross section for injection molding and 
assembly reasons. Otherwise leaks will occur even 20 
more frequently. However, the round shape leaves 
barely sufficient room for the three to four ports 
which must communicate through the top cap to the 
interior of the drip chamber. These access ports 
must fit typically within a 15-18 mm. O.D. (outer 25 
diameter) area of the top cap, eliminating the 
chance of directly connecting a pump segment to a 
drip chamber, which typically is a 12 mm. O.D. tube 
placed in a port having an O.D. of about 14 mm.. 
Arterial drip chambers are always in close proximity 30 
to a pump segment but, because of the above, the 
drip chamber must be connected to the pump seg- 
ment via a pump segment connector attached to a 
length of blood tube, the end of which can f it on the 
top cap. This is an expensive solution, also prone to 35 
leaks and high residuals of solvents. 

3. Drip chambers are placed in arterial bloodlines 
either downstream of the pump segment ("post- 
pump") or upstream ("pre-pump"), depending on 
the prescription of the physician and the type of 40 
dialysis machine. Pre-pump arterial chamber 
bloodlines are more expensive to make because 
the IV saline port must often be mounted on a sep- 
arate T connector upstream from the drip cham- 
ber. On "post-pump" bloodlines the IV saline port 45 
can be mounted on the inlet pump segment con- 
nector, thus saving one part and one tube and the 
assembly thereof. This combination connection 
also reduces leaks and solvent residuals. 

50 

There are a number of reasons why the IV saline 
port location is different in "pre-pump" and "post-pump" 
bloodlines, but each relates to the necessity of adminis- 
tering saline upstream from the arterial drip chamber: 

55 

a. During the priming procedure prior to dialysis, 
the arterial tubing upstream from the IV saline port 
must be retrograde primed. A drip chamber in this 



b. During dialysis, saline infusion (for relief of hypo- 
tension) is most safely done if any entrained bub- 
bles are caught by a downstream arterial drip 
chamber. Also, the saline flow can only be visual- 
ized if there is a drip chamber downstream. 

c. During rinse-back of blood to the patient at the 
end of dialysis, the arterial fistula and the arterial 
blood tube upstream from the IV saline port must 
be retrograde flushed with saline to return this 
blood to the patient. To counteract the resistance of 
blood pressure, the saline bag is typically squeezed 
to create retrograde saline flow. This resistance is 
much greater if a drip chamber is upstream from the 
IV saline port. (Note: rinse-back of the downstream 
portion of the arterial and venous lines is done by 
the blood pump so resistance in this direction is 
unimportant). Further, retrograde rinse of blood tub- 
ing is desirably of "plug flow" type, resulting in little 
saline being added to the patient If a drip chamber 
is upstream from the IV saline port, the blood in the 
drip chamber is diluted slowly by saline, resulting in 
large amounts of saline being administered to the 
patient. This is a problem, since one of the goals of 
dialysis is to remove fluid from the patient. 

One partial solution to the problems of arterial 
chamber has been the use of blow-molding to make one 
piece chambers. TTius, the two part assembly problems 
discussed above are eliminated. The other problems 
remain. 

Also, the blowmolded chambers in the literature are 
all so-called "bottom entry" chambers whereby the 
blood inlet port is at the bottom of the chamber and 
blood enters into the blood space at the bottom or side- 
wall of the chamber. (This is opposite to "top entry" 
chambers, all injection molded so far, where blood 
enters at or adjacent the top into the airspace above the 
blood.) Two problems of the bottom entry chambers as 
disclosed in Swan U.S. Patent No. 4,681,606, Heath 
U.S. Patent No. 4,666,598 and European Patent Appli- 
cation No. 0058325A1 are: 

the inlet port enters the blood space at a point 
higher than the outlet port, and 
there is a diversion means to prevent inlet flow from 
breaking the surface of the blood space and caus- 
ing foaming, such diversion directing the flow in the 
direction of the blood outlet. 

The first problem is that blood must often be 
"rinsed-back" to the patient (at the end of dialysis) in a 
retrograde direction from the dialysis flow. With the inlet 
higher than the outlet, some blood will be caught in the 
chamber that cannot be returned to the chamber (the 
amount determined by the volume contained between 
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the inlet and outlet). 

The second problem iSRt any entrained air in the 
inlet blood stream is directed toward the outlet, which 
under certain circumstances or today's higher blood 
flows can escape. As the primary function of the cham- 
ber is as an air trap, this is a significant problem. 

It is an object of this invention to use blow molding 
to provide an IV saline port integral with the blood inlet 
of a chamber, thus eliminating the problems of a sepa- 
rate IV saline T connector construction as discussed 
above. A plastic blood chamber may be provided in 
which the blood flow can be run in either direction, for 
greater usefulness. 

An inlet diverter that directs blood flow and 
entrained air away from the blood outlet, plus a chamber 
with equal height inlet and outlet for reversible flow effi- 
ciency, may be provided. 

The chamber may be used in a pre-pump mode. In 
other embodiments, this same chamber can be con- 
nected in a post-pump mode, thereby reversing the flow 
direction and changing the pre-pump mode integral IV 
saline port into an integral heparin port. 

The blood pump operates in the same direction for 
both manufactured blood lines in the pre-pump mode 
and the post-pump mode. In the pre-pump mode the 
blood chamber is under subatmospheric or negative 
pressure because the blood chamber is between the 
blood pump and the arterial fistula needle, which latter 
needle is the point of major flow resistance. In the post- 
pump mode the chamber is under superatmospheric or 
positive pressure since the chamber is between the 
pump and the venous fistula needle, which is another 
major point of flow resistance. 

Physicians are sometimes worried about stressing 
a patient's fistula. Thus they like to use pre-pump 
designs because the negative pressure in the pre-pump 
tubing segments can be monitored, giving the doctor an 
idea of how much the patient's fistula is in danger of col- 



conduit connecting at^^ner end with an IV solution 
or heparin access tuWPe conduit extending down- 
wardly along substantially the length of the reservoir 
chamber in spaced relation thereto and communicating 
5 at its lower end with the first blood port whereby, in use, 
the IV solution enters the reservoir chamber at a loca- 
tion below the level of blood in the reservoir chamber. 

The blood chamber may have four or more sepa- 
rate conduits which are communicating directly with the 
to chamber. 

It is preferred for one conduit to connect directly 
with roller pump tubing for Wood flow, with this connec- 
tion being positioned adjacent the upper chamber end. 
The conduit may be of any desired transverse dimen- 
is sion to accommodate the connection with the roller 
pump tubing in a manner that does not crowd out the 
desired or necessary other access ports and apertures 
into the blood chamber. 

It is also preferred for the first and second blood 
20 ports of the reservoir chamber to terminate inwardly at 
substantially identical longitudinal positions in the blood 
chamber. In other words, they occupy an "equal height" 
in the blood chamber, contrary from the current configu- 
ration in an arterial chamber for a dialysis set, where the 
25 blood inlet to the blood chamber is usually higher than 
the outlet. By the arrangement of this invention, it 
becomes practical to run the blood reversely through 
the arterial chamber, when and as that is desired, with 
effective operation and flow of blood therethrough, and 
30 without loss of a significant amount of blood within the 
arterial chamber. Thus, more blood can be returned to 
the patient in the back flush step of dialysis with reverse 
flow through the arterial chamber. 

In one preferred embodiment especially in the pre- 
35 pump mode the inlet is positioned to divert blood flow 
away from the outlet. 

In another preferred embodiment, the second blood 
port of the blood chamber communicates with a second 
conduit extending laterally along substantially the length 
40 of the reservoir chamber in spaced relation thereto. The 
reservoir chamber, the first conduit, and preferably the 
second conduit are all defined by a single, integral plas- 
tic blow moulding from a parison. 

The second of the blood ports may be a pump seg- 
45 ment access port (inlet or outlet) capable of mating with 
a blood pump tube of typically 9.0 to 14 mm. OD. This 
blood pump segment port can lead into the main cavity 
of the chamber at its bottom, side or top. Another 
access port or ports may be provided for pressure 
so measurement, sample withdrawal or medication admin- 
istration. 

The first blood port is typically capable of mating 
with a plastic blood tube of typically 5.0 to 8.5 mm. OD. 
Flow in this chamber may be from blood tube to pump 
55 segment or vice versa (i.e. pre-pump or post-pump). 
Access ports for pressure measurement, sample with- 
drawal or medication administration may be provided at 
the upper end of the chamber, with the blood ports at 



In other situations, doctors worry more that the dia- 
lyzer will clot up, so they prefer to use post-pump 
designs because the positive pressure in the post-pump 
tubing segments can be monitored, giving the doctor an 
indication that the resistance in the dialyzer is increas- 
ing. 

EP-A-1 34436 discloses apparatus for extracorpreal 
blood treatment in which an expansion chamber is con- 
nected to a blood line. The blood line includes a conduit 
which runs in spaced relation to the chamber along the 
full length of the chamber. 

The present invention provides a haemodialysis set 
having a blood chamber device, the device being 
moulded from a plastics parison and having an elongate 
reservoir chamber for holding blood, the reservoir 
chamber having first and second blood ports to permit 
flow of blood into and out of the reservoir chamber, the 
first blood port being located at a lower end of the reser- 
voir chamber, the blood chamber device including a 
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the bottom. 

The plastic arterial cham^raof this invention may 
be assembled into an arterial set for hemodialysis, or 
may be co-blow molded with a venous chamber to form 
a "cassette" that may be assembled into an arte- s 
rial/venous set for hemodialysis. 

A fluid flow chamber cassette is described by Heath 
et al. U.S. Patent No. 4,666,598. The following is an 
improvement on that invention. 

A blowmolded chamber cassette results in fewer 10 
leaks, smoother blood pathways and lower manufactur- 
ing cost than the injection molded, front-to-back assem- 
bly of the Heath device. 

Heath describes a cassette wherein transverse tub- 
ing ports must be employed, giving expense of con- 15 
struction as well as rough handling of the blood as it 
transits from axial direction to transverse direction. 

Traditional peristaltic blood pumps are in the form of 
an upside-down U. This relates to the design of cur- 
rently available blood chambers. Heath describes a 20 
bloodpump in the form of a backwards C, offering some 
benefits, but at the expense of complicated production 
method. We describe a blood pump in the form of an U, 
which has many benefits: 

25 

a. Unlike Heath, only one end of the pump segment 
need be tethered to the cassette, again reducing 
cost of construction. The pump segment is formed 
straight, and is curved by the curve of the stator of 
the pump housing. Heath, on the other hand, is 30 
curved into a backwards C by the presence on the 
cassette of two transverse mounted pump segment 
connectors. This complicates the molding and 
assembly methods required. 

b. Unlike upside-down U pumps, the described U 35 
pump segment primes easily. Pump segments able 

to provide high bloodfiow rates have large inner 
diameters, in the range of 8mm or more. In order 
not to crush delicate blood cells, peristaltic pump 
rollers are calibrated to leave a small gap between 40 
the pump segment walls when being crushed by 
the rollers. This gap, however, leaks air quite readily 
making it difficult for enough vacuum to be created 
to lift the initial column of saline up to prime the 
pump segment. With a U pump segment, gravity 45 
causes the saline to fall into the pump segment, 
thereby priming it. 

c. A U blood pump easily allows bottom-entry, bot- 
tom exit arterial chamber, which is well known to 
handle rapid bloodflows with less turbulence and so 
foaming than top-entry chambers. 

DESCRIPTION OF THE DRAWINGS 

Referring to the drawings, Figs. 1 a and 1 b are plan 55 
views of an arterial set, with blood chamber, of this 
invention, respectively in the pre-pump and post-pump 
modes, ready for connection with a conventional dia- 
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lyzer and venous set; 




Fig. 2 is an elevational view of the blood chamber 
as used in Fig. 1a, but in reversed position; 

Fig. 3 is an elevational view of the blood chamber of 
Fig. 2 rotated 90° about its longitudinal axis; 

Fig. 4 is a top plan view of the blood chamber of Fig. 
2; 

Fig. 5 is an elevational view of another design of 
blood chamber; 

Fig. 6 is a top plan view of the blood chamber of Fig. 
5; 

Fig. 7 is an elevational view of the blood chamber of 
Fig. 5, rotated 90° about the longitudinal axis 
thereof; 

Fig. 8 is an elevational view of another design of 
blood chamber; 

Fig. 9 is an elevational view of a double blood 
chamber, made from a single flattened, plastic tube, 
to provide, for example, both the arterial and the 
venous blood chambers for a dialysis procedure in 
a single unit; 

Fig. 10 is an elevational view of the blood chamber 
assembly of Fig. 9, rotated 90° about the longitudi- 
nal axis thereof; 

Fig. 11 is a top plan view of the blood chamber of 
Fig. 9. 

Fig. 12 is a partially schematic, fragmentary view of 
a dialysis set up showing a blowmolded, multiple 
chamber cassette similar to that shown in Figs. 9- 
11 mounted on a dialysis machine; and 

Fig. 13 is a top view of the cassette of Fig. 12. 

DESCRIPTION OF SPECIFIC E MBODIMENTS 

Referring to Fig. 1a, an arterial pre-pump haemodi- 
alysis set 10 comprising a blood chamber device 28 is 
shown, along with a conventional hollow fiber dialyzer 
12 and a conventional venous set 14, with the various 
parts being shown ready for assembly with each other 
in conventional manner. Apart from the novel disclo- 
sures herein, arterial set 10 is also shown of conven- 
tional design. 

A liner lock patient arterial fistula needle connector 
16 is provided on one end of arterial set 10 as shown, 
with the set tubing 1 8 extending through an on-off clamp 
20, and injection site 22, extending to connect with 
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blood inlet via access PO^B f blood reservoir cham- 
ber 34 of blood chamber c^We 28. 

Roller pump segment 26 is shown to directly con- 
nect with the blood outlet via access port 27 of blood 
reservoir chamber 34, and extends to a pump segment 
connector 49, and then to tube 30 extending to connec- 
tor 32 for dialyzer 12. A heparin line 24 also connects to 
pump segment connector 49. 

Venous set 14 has similar components as shown, 
which are of conventional design and thus do not need 
to be recited. 

Referring to Fig. 1b, a similar arterial post-pump set 
10a is shown, being of very similar design to the pre- 
pump set 10 except as otherwise described. A luer lock 
patient arterial fistula needle connector 16a, as before, 
is provided at one end of set 10a, with set tubing 18a 
extending through on - off clamp 20a and injection site 
22a, in a manner similar to the previous set. However, in 
this embodiment, tubing 18a connects directly with 
pump tubing 26a. Heparin line 24a connects at the junc- 
tion between tubings 18a, 26a, on the other end of 
pump tubing 26a because of the different pressure con- 
siderations in the post-pump mode. Heparin must 
always be administered against a positive pressure 
rather than a reduced pressure, to avoid the cata- 
strophic occurrence of the heparin syringe discharging 
its entire contents in a few seconds into the patient in 
the event of heparin pump failure. 

Pump tubing 26a communicates with blood reser- 
voir chamber 34 of blood chamber device 28a at access 
port 27 of the chamber. It can be seen that chamber 34 
may be the very same chamber as the one of blood 
chamber device 28, being merely reversed and with dif- 
ferent connections. This provides a significant conven- 
ience in manufacturing and inventory control since the 
same reservoir chamber may be used in both situations 
without any change of design. Then, set tubing 30a 
communicates directly with access port 29 of blood res- 
ervoir chamber 34, terminating in a connector 32a as in 
the previous embodiment. 

This setup may then communicate with a dialyzer 
12 and a venous set 14 as in the previous embodiment. 

Referring also to Figs. 2-4, blood chamber device 
28 or 28a may be made, typically, through a blow mold- 
ing process of a moderately stiff thermoplastic, as is 
known in the prior art so that there may be formed out of 
a single, plastic, tubular parison the following: a reser- 
voir chamber 34, and a pair of conduits 36, 38 extending 
laterally along reservoir chamber 34, being spaced from 
the chamber by flat-sealed portions 40 of the plastic 
parison. Conduit 38 directly communicates with pump 
segment tube 26 through access port 27, with adequate 
room for such connection being available since the var- 
ious access ports 27, 44, 50, 52 are distributed in a 
transverse line. Conduit 38 then extends the entire 
length of reservoir chamber 34 to communicate there- 
with at the lower end of chamber 34 through a second 
blood port 58. 



Conduit 36 conn^^B branch-connection relation 
42 with a first blood pcwW at the lower end of the res- 
ervoir chamber 34. Conduit 36 also extends the length 
of reservoir chamber 34, spaced therefrom by one of 

5 the flat seals 40 to a connector 44, for connection with a 
IV saline access tube in the pre-pump mode 46 having 
a conventional squeeze clamp 48. In the post-pump 
mode the tube 46a serves as a heparin tube. 

Furthermore, at the end of blood reservoir chamber 

10 34 which is remote from the first blood port 60, the addi- 
tional access ports 50, 52 can be provided for respec- 
tive connection with a pressure monitor line 54 and an 
air adjust or medication tube 56. 

Reservoir chamber 34 is capable of flat-collapse 

is under a predetermined suction pressure in the manner 
of prior art blood chambers for the known, desirable pur- 
poses. 

Normally, blood is pumped by a roller pump from 
arterial patient connector 1 6 or 1 6a into reservoir cham- 
20 ber 34. From there, the blood flows out of the reservoir 
chamber, to pass through the remainder of the dialysis 
setup as shown in Fig. 1 . 

The first and second blood ports 60, 58 have inner 
ends separated by partition 61 which occupy substan- 

25 tially identical longitudinal positions along the blood 
chamber as particularly shown in Fig. 2, contrary to the 
prior art, where generally reservoir chambers have inlet 
ports that terminate deeper or higher within the reser- 
voir chamber than the outlet port. It can be seen that in 

30 the pre-pump mode of Fig. 1a inner end of first blood 
port 60 serves as the inlet to the reservoir, and that the 
inlet is constructed to cause the inlet stream of blood to 
be directed laterally away from the second, outlet port 
58 by means of a curvature in partition 61 . The effect of 

35 this is to keep entrained air in the blood away from the 
outlet until the air bubbles have had a chance to rise to 
the top of the blood level and join an air bubble 63 typi- 
cally found there. 

Also because of this modification, it becomes pos- 

40 sible to effectively and completely run blood in reverse 
through the system, by reversal of the roller pump that 
operates on pump tubing 26, so that blood can be 
returned to the patient through the arterial side as saline 
is added to the system, for example through tube 46 or 

45 46a. Thus, at least some of the blood can flow back to 
the patient through connector 16 or 16a in a manner 
that is called "plug flow", by which it is meant that the 
blood does not mix to a large degree with the saline 
solution which is being used to replace it, so that the 

so patient receives little more fluid than that which is found 
in his own blood, as the blood is returned to him or her 
from the dialysis set at the end of dialysis. This provides 
significant advantage to the dialysis procedure and the 
effective return of a maximum amount of blood to the 

55 patient after the dialysis procedure with a minimum of 
saline solution. 

Referring to Figs. 5 through 7, another embodiment 
of blood chamber device for a dialysis set is disclosed. 
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Blood chamber device 64 m^^wiade by blow mold- 
ing as before, from a single, wSmr parison to define a 
reservoir chamber 66 having at the bottom first and sec- 
ond blood ports 70, 68. Second port 68 may directly 
communicate with pump tubing 26a in a manner similar 
to the communication with pump tubing 26 in the previ- 
ous embodiment, pre-pump mode, to provide blood flow 
out of chamber 66. Inlet flow of blood passes through 
first blood port 70 and blood conduit 30a in a manner 
analogous to the prior embodiment. This chamber may 
also be used in post-pump mode. 

At the opposite end of blood chamber device 64, an 
access port 54a may be provided for the pressure mon- 
itor, while another access port 56a may be provided for 
air adjustment or the administration of medication. 

An integral access tube 36a is also provided, being 
formed from the original, blow molded parison and inte- 
gral with reservoir chamber 66 through a spaced, flat- 
tened, solid portion 40a of the original parison. Conduit 
36a communicates at one end with an IV or saline tube 
46a as in the previous embodiment, in pre-pump mode, 
extending laterally along the length of reservoir cham- 
ber 66 to join with first blood port 70 so as to be in com- 
munication with reservoir chamber 66. In post-pump 
mode, conduit 36a connects to a heparin line. 

As before, an arterial hemodialysis set having a 
blood chamber of such a design is capable of backflush- 
ing of blood in chamber 66 and upstream therefrom 
back into the artery of the patient in a flow pattern which 
is reverse from the normal flow pattern, with good "plug 
flow" and the other advantages of such an arrangement. 
Also partition 61a is curved to facilitate bubble separa- 
tion as described above. 

Since the end of blood chamber 64 that carries the 
first and second blood ports 70, 68 has only two ports, it 
is possible to use second blood port 68 which has ade- 
quate size to directly receive pump segment 26a, for the 
advantageous elimination of an intermediate part and to 
reduce the number of solvent-sealed connections. 

Referring to Fig. 8, another embodiment of this 
invention is shown, comprising a blood chamber device 
74 which, as before, is made out of a single, tubular 
plastic parison by blow molding. 

Blood chamber 76 is shown, having an upper end 
with a single access port 78, which may be used for 
connection with a pressure monitor, for example. A sec- 
ond connected conduit 80 is shown having a connection 
82 with pump tubing 26b in a manner similar to the pre- 
vious embodiments. Second conduit 80 then extends 
the entire length of reservoir chamber 76, making a U- 
turn 84 at the other end thereof into an open aperture 
forming a second blood port 102 and communicating 
with reservoir chamber 76. 

A third, connected inlet conduit 86 is also provided 
on the other side of reservoir chamber 76, communicat- 
ing at its upper end with blood tubing 30b in a manner 
similar to the previous embodiments through connector 
88. Third, connected conduit 86 then extends the length 
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of reservoir chamber 76,^^ integrally formed there- 
with through plastic web ^Rwn to another U-turn 90. 
which communicates with the interior of blood chamber 
76 as does first connected conduit 80, but via first blood 
5 port 100. 

Thus, in the pre-pump mode blood is pumped 
through a set by means of a pump acting on pump tub- 
ing 26b, which is directly connected to second conduit 
80. The blood passes through first conduit 86, and then 
10 enters reservoir chamber 76. The blood exits reservoir 
chamber 76 through second conduit 80, to travel on 
through the dialysis setup via blood tube 30b. 

Additionally, a f irst connected tube 92 is formed out 
of the same parison by blow molding, to be integrally 
is connected to the remainder of the blood chamber by 
plastic web 94, which like web 87, is a part of the pari- 
son. Connected tube 92 may be, in turn, connected to 
saline tubing 46b, with first conduit 92 extending the 
length of reservoir chamber 76, and joining with third, 
20 connected conduit 86 at a junction point 98, which is 
typically near curved portion 90. Thus, as before, blood 
can flow normally into reservoir chamber 76 through 
second connected conduit 80 and out of the chamber 
through third connected conduit 86. 
25 Obvious modifications may be made for post-pump 
use. For reverse flow through reservoir chamber 76, in a 
manner similar to the embodiment of Fig. 2, the blood 
ports 100, 102 of the respective conduits 86, 80 termi- 
nate inwardly as shown at substantially identical longrtu- 
30 dinal positions in the blood chamber 76, to permit easy 
reverse flow through the chamber. This provides advan- 
tages as previously discussed. 

Turning to Figs. 9 through 1 1 , in this embodiment of 
the blood chamber device, a single, blow-molded pari- 
35 son may form blood pre-pump arterial chamber 1 04 and 
venous chamber 106, for use in a combined arterial- 
venous hemodialysis set. Each of blood chambers 104, 
106 defines a respective conduit 108, 110 which com- 
municates with a first end 112, 114 of the reservoir 
40 chamber through a respective access port 1 1 6, 1 1 8. 

In each case, the respective conduits 108, 1 10 are 
separated by flattened portions 120 of the parison from 
their respective chambers 1 04, 1 06 and each other, with 
the conduits extending laterally along substantially the 
45 length of each reservoir chamber 104, 106 in spaced 
relation thereto, in accordance with this invention. 

Thus, a unitary, double chamber is provided for 
equipping a dialysis set with pre-pump and post-pump 
blood chambers, for example, or for any other desired 
so use. 

Access port 116 may be used for saline infusion 
when chamber 104 is under negative pressure and for 
heparin infusion if it is under positive pressure as in the 
post-pump mode. Blood port 128 may be in connection 
55 to the pump tubing, while blood port 1 30 comprises the 
arterial blood inlet. Access ports 122, 124 and 126 con- 
nect to pressure monitors or serve as medication appli- 
cation ports. Access port 1 18 connects from the venous 
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connector of the dialyzer, AdIooC port 132 connects 
to the venous patient conlWBr. However, the multiple 
chamber cassette of this invention may be connected in 
other ways as desired. 

Referring to Figs. 12 and 13, the cassette shown is 
made of a single biowmolded parison to define a pair of 
chambers 204, 206, similar in virtually all respects to the 
cassette of Figs. 9 through 11, and like reference 
numerals in the two hundreds corresponding to the 
same reference numerals in the one hundreds of the 
cassette of Figs. 9 through 11. 

It can be seen that all tubing ports are substantially 
parallel with the long axis of cassette chambers 204, 
206. This provides an improvement of easier handling of 
the blood over, for example, transverse entry ports. 

Connected to blood port 228 is pump tubing 252, 
which is shown to be mounted in a roller pump housing 
254 so that pump tubing 252 is maintained in a U- 
shaped configuration which is right-side up rather than 
upside down or on its side, as shown. The track of hous- 
ing 254 defines the shape of the pump tubing 252. The 
roller pump with its arms 256 and rollers 258 functions 
in the known and normal manner to pump blood so that 
blood enters the system in one specific mode from the 
patient artery through blood inlet port 230 into chamber 
204 and out of chamber 204 through port 228 into 
pump tubing 252. Then, the blood is pumped through 
tubing 260 to a dialyzer. 

The blood from the dialyzer then enters tubing 262 
to pass through access port 218 and separate conduit 
210 to extend the length of venous chamber 206; to 
effect a U-turn 264, and to enter the venous chamber 
206 Then, the blood passes through filter 250, through 
blood outlet port 232 and tubing 266 to pass back to the 
patient's venous system, while moving across ultra 
sonic air detector 268, and line clamp 270, both of con- 
ventional design. 

By this embodiment, only one end of the pump seg- 
ment 252 needs to be tethered to a cassette. This 
greatly reduces the cost of construction. The pump seg- 
ment 252 may be formed straight, with the curvature 
being provided by the curve of the stator or track 254 of 
the pump housing. 

Likewise, because the pump tubing 252 is formed in 
a right-side-up U segment, as described above, high 
blood flow rate tubing in the range of 8mm. inner diam- 
eter or more may be readily primed, since the segment 
readily fills with liquid and stays filled. 

Also, such a blood pump allows the use of bottom 
entry, bottom exit arterial chamber 204, which is well 
known to handle rapid blood flows with less turbulence 
and foaming than top entry chambers. 

Claims 



chamber (34,66.^fcholding blood, the reservoir 
chamber (34,66,^ving first and second blood 
ports (60,58;70,68;100,102) to permit flow of blood 
into and out of the reservoir chamber, the first blood 
port (60 70,100) being located at a lower end of the 
chamber (34,66,76), the device including a conduit 
(36 36a,92) connecting at an upper end with an IV 
solution or heparin access tube (46.46a.46b), the 
conduit extending downwardly along substantially 
the length of the reservoir chamber (34,66) in 
spaced relation thereto and communicating at its 
lower end with the first blood port (60.70,100). 
whereby in use. the IV solution enters the reservoir 
chamber at a location below the level of blood in the 
reservoir chamber. 

The haemodialysis set of Claim 1 in which said res- 
ervoir chamber (34,66.76) is flattened. 

The haemodialysis set of Claim 1 or 2 in which the 
second port (58,68.102) is also located at the lower 
end of the reservoir chamber (34.66,76) and com- 
municates with a second conduit (38) extending 
downwardly along substantially the length of the 
reservoir chamber (34) in spaced relation thereto 
the second conduit forming a part of the moulded 
blood chamber device (28,64,74). 

1 The haemodialysis set of Claim 3 in which the 
moulded blood chamber device (74) includes a third 
conduit (86) which communicates with said first 
blood port (100) and which extends along substan- 
tially the length of said reservoir chamber (76). 

35 5. Trie haemodialysis set of Claim 3 or 4 in which said 
second conduit (38.80) connects directly with roller 
pump tubing (26,26b). 

6 The haemodialysis set of any preceding claim in 
40 ' which said first and second ports 
(60 58 70,68,100,102) terminate inwardly of the 
chamber (34,66,76) at substantially the same longi- 
tudinal position. 
45 7 The haemodialysis set of Claim 6 in which a parti- 
tion (61 .61 a) between the first and second ports 
(60 58 70,68,100,102) is angled relative to the 
lenmhof the chamber (34,66.76) to cause inflow 
from one of said ports to be directed laterally away 
so from the other of said ports, whereby air bubbles 
entering through the one of said ports are less likely 
to be immediately caught and sucked out of the 
chamber through the other of said ports. 

55 8. A haemodialysis set according to any preceding 
claim, wherein the moulded blood chamber device 
includes flat sealed portions (40) interconnecting 
the reservoir chamber (34) with the or each conduit 
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1 A haemodialysis set having a blood chamber 
device (28,64,74); the device being moulded from a 
plastics parison and having an elongate reservoir 
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(36) of the device. 




9. A haemodialysls set according to Claim 1 , wherein 
the moulded blood chamber device includes a sec- 
ond reservoir chamber (1 06) alongside the first res- s 
ervoir chamber (104) and having third and fourth 
blood ports, the third of said ports being located at 
the lower end of the second chamber (106). the 
moulded blood chamber device including a further 
conduit (110) extending along substantially the io 
length of the two chambers (104,106) and commu- 
nication at its lower end with the third blood port. 

10. Haemodialysis apparatus including an arterial 
haemodialysis set according to any one of Claims 1 is 
to 9 and a venous haemodialysis set, the sets being 
connected with opposite sides of a dialyser, and a 
roller pump (252,256,258) having flexible tubing 
(252) connecting the dialyzer with the arterial set 
and including a roller (258) to collapse the tubing, 20 
the flexible pump tubing (252) being normally 
straight in its unstressed configuration, but formed 
into a configuration of an upright U-shape by 
mounting in a roller pump track (254), whereby the 
roller pump tubing is easily primed. 25 

Patentanspruche 

1. Hamodialysesatz mit einer Blutkammervorrichtung 
(28, 64, 74), welche Vorrichtung aus einem Kunst- 30 
stoff-KOlbel geformt ist und eine langgestreckte 
Reservoirkammer (34, 66, 76) zum Auf nehmen von 
Blut aufweist, welche Reservoirkammer (34, 66, 
76) erste und zweite Blutzulasse (60, 58; 70, 68; 
100, 102) zur Ermdglichung einer Blutstromung in 35 
die und aus der Reservoirkammer aufweist, wobei 
der erste BlutzulaB (60, 70, 100) an einem unteren 
Ende der Kammer (34, 66, 76) angeordnet ist, 
wobei die Vorrichtung eine Leitung (36, 36a, 92) 
enthait, die an einem oberen Ende mit einem IV- 40 
Losungs- Oder Heparinzugangsschlauch (46, 46a, 
46b) verbunden ist, welche Leitung sich abwarts 
uber praktisch die Lange der Reservoirkammer (34, 
66) in beabstandeter Beziehung dazu erstreckt und 
an ihrem unteren Ende mit dem ersten BlutzulaB 45 
(60, 70, 100) kommuniziert, so da(3 im Gebrauch 
die lV-Losung an einer Stelle unter dem Spiegel 
des Bluts in der Reservoirkammer in letztere ein- 
tritt. 

50 

2. Hamodialysesatz nach Anspruch 1, wobei die 
Reservoirkammer (34, 66, 76) f lachgedruckt ist 

3. HSmodialysesatz nach Anspruch 1 Oder 2, wobei 
der zweite ZulaB (58. 68, 1 02) ebenfalls am unteren ss 
Ende der Reservoirkammer (36, 66. 76) angeord- 
net ist und mit einer zweiten Leitung (38) kommuni- 
ziert, die sich praktisch iangs der Unge der 
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Reservoirkammer p^^abstandeter Beziehung 
dazu erstreckt, wobetlWveite Leitung ein Teil der 
geformten Blutkammervorrichtung (28, 64, 74) bil- 
det. 

4. HSmodialysesatz nach Anspruch 3, wobei die 
geformte Blutkammervorrichtung (74) eine dritte 
Leitung (86) aufweist, die mit dem ersten BlutzulaB 
(100) kommuniziert und sich praktisch iangs der 
Lange der Reservoirkammer (76) erstreckt. 

5. Hamodialysesatz nach Anspruch 3 Oder 4, wobei 
die zweite Leitung (38. 80) unmittelbar mit einer 
Rollenpumpenschlauchleitung (26, 26b) verbunden 
ist. 

6. Hamodialysesatz nach einem der vorangehenden 
Anspruche, wob ei die ersten und zweiten Zuiasse 
(60, 58, 70, 68, 100, 102) einwarts (innerhalb) der 
Kammer (34, 66. 76) in im wesentlichen der glei- 
chen Langsposition enden bzw. munden. 

7. Hamodialysesatz nach Anspruch 6, wobei eine 
Trennwand (61, 61a) zwischen den ersten und 
zweiten Zuiassen (60, 58. 70, 68, 100, 102) relativ 
zur Lange der Kammer (34, 66, 76) abgewinkeit ist, 
urn eine Einstromung von einem der Zuiasse seit- 
lich oder quer vom anderen der Zuiasse hinweg zu 
richten, so daB durch einen der Zuiasse eintre- 
tende Luftblasen weniger wahrscheinlich unmittel- 
bar abgefangen und Ober den anderen der Zuiasse 
aus der Kammer abgesaugt werden. 

8. Hamodialysesatz nach einem der vorangehenden 
Anspruche, wobei die geformte Blutkammervorrich- 
tung f lache Versiegelungsabschnitte (40) aufweist, 
welche die Reservoirkammer (34) mit der oder 
jeder Leitung (36) der Vorrichtung verbinden. 

9. Hamodialysesatz nach Anspruch 1, wobei die 
geformte Blutkammervorrichtung eine iangs der 
ersten Reservoirkammer (104) gelegene zweite 
Reservoirkammer (106) mit dritten und vierten Blut- 
zuiassen aufweist, der dritte der Zuiasse am unte- 
ren Ende der zweiten Kammer (106) angeordnet ist 
und die geformte Blutkammervorrichtung eine wei- 
tere Leitung (110) aufweist, die sich praktisch iangs 
der Lange der beiden Kammern (104, 106) 
erstreckt und an ihrem unteren Ende mit dem drit- 
ten BlutzulaB kommuniziert. 

10. Hamodialysevorrichtung mit einem arteriellen 
Hamodialysesatz nach einem der vorangehenden 
Anspruche 1 bis 9 und einem Venen-Hamodialyse- 
satz, welche Satze mit gegenuberiiegenden Seiten 
eines Dialysegerats verbunden sind, sowie einer 
Rollenpumpe (252, 256, 258), die eine das Dialyse- 
gerat mit dem arteriellen Satz verbindende flexible 
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Schlauchleitung (25^B eine Rolle (258) zum 
Zusammendrucken dWKhlauchleitung aufweist, 
welche flexible Pumpenschlauchleitung in ihrer 
unbelasteten Konfiguration normalerweise geradli- 
nig ist, aber bei Einbau in eine Rollenpumpenfuh- 
rung (254) in eine Konfiguration einer 
aufrechtstehenden U-Form verformbar ist, so daB 
die Rollenpumpenschlauchleitung einfach bzw. 
leicht vorrullbar ist. 

Revendications 

1 . Ensemble pour hemodialyse comportant un dispo- 
sitif formant poche de sang (28, 64, 74) ; le disposi- 
tif etant mouie a partir d'une preforme en matiere 
plastique et comportant une poche formant reser- 
voir allonge (34, 66, 76) pour contenir du sang, la 
poche formant reservoir (34, 66, 76) comportant 
des premier et deuxieme orifices a sang (60, 58 ; 
70, 68 ; 1 00, 1 02) pour permettre un ecoulement de 
sang a I'interieur et hors de la poche formant reser- 
voir, le premier orifice a sang (60, 70, 100) etant 
situe a une extremity inferieure de la poche (34, 66, 
76), le dispositif comprenant un conduit (36. 36a, 
92) reli6, a une extremite superieure, avec un tube 
d'acces (46, 46a, 46b) de solution IV ou d'heparine, 
le conduit s'etendant vers le bas, sensiblement sur 
la longueur de la poche formant reservoir (34, 66) 
dans une relation espacee de cel!e-ci et communi- 
cant, a son extremite inferieure, avec le premier ori- 
fice a sang (60, 70, 100), ce par quoi, en utilisation, 
la solution IV penetre dans la poche formant reser- 
voir a un emplacement situe au-dessous du niveau 
de sang dans la poche de reservoir. 

2. Ensemble pour hemodialyse selon ia revendication 
1, dans lequel ladite poche formant reservoir (34, 
66, 76) est aplatie. 

3. Ensemble pour hemodialyse selon la revendication 
1 ou 2, dans lequel le deuxieme orifice (58, 68, 102) 
est egalement situe a I'extremite inferieure de la 
poche formant reservoir (34, 66, 76) et communi- 
que avec un deuxieme conduit (38) s'etendant vers 
le bas, sensiblement sur la longueur de la poche 
formant reservoir (34) dans une relation espacee 
de celle-ci, le deuxieme conduit faisant partie du 
dispositif moule formant poche a sang (28, 64, 74). 

4. Ensemble pour hemodialyse selon la revendication 
3, dans lequel le dispositif mouie formant poche a 
sang (74) comprend un troisieme conduit (86) qui 
communique avec ledit premier orifice a sang (100) 
et qui s'etend sensiblement sur la longueur de 
ladite poche formant reservoir (76). 

5. Ensemble pour hemodialyse selon la revendication 
3 ou 4, dans lequel ledit deuxieme conduit (38, 80) 



estreliedirectei 
de pompe a roul 



uleal^ 



un tuyau souple(26, 26b) 



6. Ensemble pour hemodialyse selon Tune quelcon- 
que des revendications precedents, dans lequel 
lesdits premier et deuxieme orifices (60, 58, 70, 68, 
100, 102) se terminent a I'interieur de la poche (34, 
66, 76), sensiblement a la meme position longitudi- 
nale. 

7. Ensemble pour hemodialyse selon la revendication 
6, dans lequel une separation (61 , 61a) situee entre 
les premier et deuxieme orifices (60, 58, 70, 68, 
100, 102) forme un certain angle par rapport a la 

is longueur de la poche (34, 66, 76) pour faire en 
sorte qu'un influx, a partir de Tun desdits orifices, 
sort dirige lateralement en s'ecartant de I'autre des- 
dits orifices, ce par quoi des bulles d'air entrant par 
Tun desdits orifices risquent moins d'etre immedia- 
te? tement prises au piege et d'etre aspirees hors de la 
poche par I'autre desdits orifices. 

8. Ensemble pour hemodialyse selon Tune quelcon- 
que des revendications precedentes, dans lequel 

25 ledit dispositif moule formant poche a sang com- 
prend des parties plates hermetiques (40) reliant la 
poche formant reservoir (34) avec le, ou chaque, 
conduit (36) du dispositif. 

30 9. Ensemble pour hemodialyse selon la revendication 
1, dans lequel le dispositif moule formant poche a 
sang comprend une seconde poche formant reser- 
voir (106) le long de la premiere poche formant 
reservoir (104) et comportant des troisieme et qua- 
35 trieme orifices a sang, le troisieme desdits orifices 
etant situe a Textremite inferieure de la seconde 
poche (106), le dispositif mouie formant poche a 
sang comprenant un conduit supplemental re (110) 
s'etendant sensiblement sur la longueur des deux 
40 poches (104, 106) et etant en communication, a 
son extremite inferieure, avec le troisieme orifice a 
sang. 

10. Dispositif pour hemodialyse comprenant un ensem- 
45 ble pour hemodialyse arterielle selon Tune quelcon- 
que des revendications 1 a 9 et un ensemble pour 
hemodialyse veineuse, les ensembles etant relies 
avec des cdtes opposes d'un dialyseur, et une 
pompe a rouleau (252, 256, 258) comportant un 
so tuyau souple (252) reliant le dialyseur a I'ensemble 
arteriel et comprenant un rouleau (258) pour 6cra- 
ser le tuyau souple, le tuyau souple (252) de pompe 
etant normalement rectiligne dans sa configuration 
non contrainte, mais form6 en une configuration de 
55 U vertical par montage dans un guide de pompe a 
rouleau (254), ce par quoi le tuyau de pompe a rou- 
leau s'amorce facilement. 



9 



EP 0 568 275 B1 




10 



EP 0 568 275 B1 




11 



EP 0 568 275 B1 





12 



EP 0 568 275 B1 




Fig. 1 1 
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